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Supplementary Figures

This section includes supplementary figures noted in the main text. All site-specific figures are
included within each site report in the following sections, as well as those related to sensitivity testing.
Where appropriate, OxCal code follows each figure.
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Supplementary Figure 1. Bayesian model showing the estimated start of cultural occupation in the
southern Andes (16660-15905 cal BP), including all ACR/YD-aged cultural components within this
province (entered as either start boundaries or single ages given available data, and noted next to each
component name). Brackets beneath each age estimate show 68.3% and 95.4% CI.
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Supplementary Figure 2. Bayesian model showing the estimated start of cultural occupation in the
central Andes (16320-14940 cal BP), including all ACR/YD-aged cultural components within this
province (entered as either start boundaries or single ages given available data, and noted next to each
component name). Brackets beneath each age estimate show 68.3% and 95.4% CI.
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Supplementary Figure 3. Bayesian model showing the estimated start of cultural occupation in the
southern Andes (poleward of 40° S, only; 18795-14460 cal BP), including all ACR/YD-aged cultural
components within this province (entered as start boundaries). Brackets beneath each age estimate
show 68.3% and 95.4% CI.
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Supplementary Figure 4. Bayesian model showing the estimated start of cultural occupation in the
northern Andes (14325-13350 cal BP), including all ACR/YD-aged cultural components within this



province (entered as either start boundaries or single ages given available data, and noted next to each
component name). Brackets beneath each age estimate show 68.3% and 95.4% CI.
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Supplementary Figure 5. Bayesian model showing the estimated start of cultural occupation in the
Paraguay-Parana Lowlands (14115-13200 cal BP), including all ACR/YD-aged cultural components
within this province (entered as either start boundaries or single ages given available data, and noted
next to each component name). Brackets beneath each age estimate show 68.3% and 95.4% CI.
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Supplementary Figure 7. Bayesian model showing the estimated start of cultural occupation in the
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each component name). Brackets beneath each age estimate show 68.3% and 95.4% CI.
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Supplementary Figure 8. Bayesian model showing the estimated start of cultural occupation in the
Orinico Lowlands (14350-12480 cal BP), including all ACR/YD-aged cultural components within
this province (entered as either start boundaries or single ages given available data, and noted next to
each component name). Brackets beneath each age estimate show 68.3% and 95.4% CI.
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ACR=Date (U (calBP(14500),calBP(13000)))]and 13,000-11,700 cal BP [YD;
YD=Date (U (calBP (13000),calBP(11700)))]. See Methods for further details. If the
distribution does not include 0 (x-axis) at 95.5% CI (larger black bracket underneath each, with
68.2% CI represented by the smaller bracket), there is no significant difference between the
modelled outputs and, thus, no overlap. If the distribution is to the right of 0, then it is considered
non-overlapping and significantly older. Conversely, if the distribution is to the left of 0, then it is
considered non-overlapping and significantly younger.
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Supplementary Figure 10. Bayesian model showing the age range (Date) of cultural components
with reported evidence that predates the ACR (not exhaustive, see Boéda et al.?). Distributions in blue
were not included in the KDE Model of ACR/YD-aged cultural components shown in Figure 3, as
they do not overlap with the ACR. The distribution in orange was also not included as the site of
Monte Verde was modelled as MV-II (versus the earlier MV-1), which has an overlapping ACR/YD
occupation, to avoid repetition. See details for each site in the report below and note that pre-ACR
archaeological evidence is generally contested (e.g., see reference?). Brackets beneath each age
estimate show 68.3% and 95.4% CI.
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Supplementary Figure 11. Probability density function for the difference (‘D’) between the
estimated start of human activity at the southern Andes (poleward of 40° S, only) and the Patagonian
Plateau. These results suggest that there is a significant difference between the modelled outputs, as
the distributions do not include zero at 95.4% or 68.3% CI (black brackets beneath).
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Supplementary Figure 12. Bayesian model showing the estimated start of uniface/biface technology
(16340-15865 cal BP), including all pertaining ACR/YD-aged cultural components. The latter were
entered as either start boundaries or single ages given available data (noted next to each component
name). Brackets beneath each age estimate show 68.3% and 95.4% ClI.
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Supplementary Figure 13. Bayesian model showing the estimated start of projectile point
technology (14220-13045 cal BP), including all pertaining ACR/YD-aged cultural components. The
latter were entered as either start boundaries or single ages given available data (noted next to each
component name). Brackets beneath each age estimate show 68.3% and 95.4% CI. Note, although
there are projectile points in Pampa del Tamarugal (Chile) sites, e.g., Pampa Ramadita 5 and Quebrada
Mani 353, cultural components from that region have been excluded as either surface finds or samples
without clear/close association with dated samples (see details in Supplementary Notes 2).
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Supplementary Figure 14. Bayesian model showing the estimated start of Paijan technology (14960-
13175 cal BP), including all pertaining ACR/YD-aged cultural components. The latter were entered
as either start boundaries or single ages given available data (noted next to each component name).
Brackets beneath each age estimate show 68.3% and 95.4% CI.
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Supplementary Figure 15. Bayesian model showing the estimated start of Fishtail technology
(13900-13320 cal BP), including all pertaining ACR/YD-aged cultural components. The latter were
entered as either start boundaries or single ages given available data (noted next to each component
name). Brackets beneath each age estimate show 68.3% and 95.4% CI.
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Supplementary Figure 16. Bayesian model showing the estimated start of Tigre technology (13593-
11858 cal BP), including all pertaining ACR/YD-aged cultural components. The latter were entered
as either start boundaries or single ages given available data (noted next to each component name).
Brackets beneath each age estimate show 68.3% and 95.4% CI.
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Supplementary Figure 17. Bayesian model showing the estimated start of Itaparica technology
(13308-12697 cal BP), including all pertaining ACR/YD-aged cultural components. The latter were
entered as either start boundaries or single ages given available data (noted next to each component
name). Brackets beneath each age estimate show 68.3% and 95.4% CI.
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Supplementary Figure 18. Bayesian model showing the estimated start of Huentelauquén
technology (12240-11360 cal BP), including all pertaining ACR/YD-aged cultural components. The
latter were entered as either start boundaries or single ages given available data (noted next to each
component name). Brackets beneath each age estimate show 68.3% and 95.4% CI.
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Supplementary Figure 19. Bayesian model showing the estimated start of Tequedamiense
technology (24155-12245 cal BP) from start boundaries within the type-site. Brackets beneath each
age estimate show 68.3% and 95.4% CI.
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Supplementary Figure 20. Bayesian model showing the estimated start of EI Jobo technology
(17910-16675 cal BP at 95.4% Cl or 17455-16885 at 68.2% CI) from start boundaries within the type-
site. Brackets beneath each age estimate show 68.3% and 95.4% CI.
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Supplementary Figure 21. Bayesian model showing the estimated start of Abriense technology
(19805-13340 cal BP at 95.4% CI or 14460-13470 cal BP at 68.2% CI) from start boundaries within
the type-site. Brackets beneath each age estimate show 68.3% and 95.4% CI.
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Supplementary Figure 22. Bayesian model showing the estimated start of high-altitude occupation
(13750-12830 cal BP at 95.4% or 13385-12935 cal BP at 68.3% CI), including all pertaining
ACR/YD-aged cultural components. The latter were entered as either start boundaries or single ages
given available data (noted next to each component name). Brackets beneath each age estimate show
68.3% and 95.4% ClI.
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Supplementary Figure 23. Bayesian model showing the estimated start human exploitation of
megafauna (18660-16695 cal BP), including all pertaining ACR/YD-aged cultural components with
direct evidence for killing/scavenging as start boundaries. Brackets beneath each age estimate show
68.3% and 95.4% CI.
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Supplementary Figure 24. Maps showing a. the proportion of archaeological sites per country
(yellow), and b. the proportion of chronometric measurements per country (pink).

35



%C

charcoal species

C:N

. reported

um'eported

d°N

Supplementary Figure 25. Percentage of unreported (orange) versus reported (green) information
pertaining to radiocarbon measurements in the database (Supplementary Data 1). C:N and *°N values
are for bone samples not listed as ‘apatite’.
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Supplementary Figure 26. Annual mean temperature during ACR relative to 15ka in North
America, based on TraCE21k simulations*® processed through PaleoView®. It is noteworthy that
temperature changes in North America are considerably more pronounced compared to those in
South America (Supplementary Figure 27). Colour gradient at bottom of figure.
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Supplementary Figure 27. Annual mean temperature during ACR relative to 15ka in South
America, based on TraCE21k simulations*° processed through PaleoView®. It is noteworthy that
temperature changes in South America are considerably less pronounced compared to those in
North America (Supplementary Figure 26). Colour gradient at bottom of figure.
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Supplementary Figure 28. Map showing the spatial distribution of archaeological data included in
the modelling according to model category: multi-phase (orange), single-phase (black) and one age

(yellow).
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Supplementary Notes

This section includes lithic tradition descriptions, site reports (including Bayesian modelling
analysis), sensitivity testing, and OxCal code (either in the last section or after each figure).

1. Lithic traditions

1.2. Abriense/Tequendamiense

Found in Colombia, Abriense and Tequendamiense are both uniface traditions. The latter is more
elaborate, contains exogenous material, and is only found in basal levels of the site Tequendama’°.
Although generally treated as distinct traditions, Nieuwenhuis’ (2002)° argues that they are the same
(but see Correal Urrego's*! rebuttal).

1.3. El Jobo

Found in Venezuela, El Jobo tradition or industry includes lanceolate projectile points and other
bifacial tools?13,

1.4. Fishtail/Fell

Originally found in Chile in Cueva de Fell*, Fishtail (or ‘Fell’) projectile points are located across
South America, and can be both fluted or unfluted'>24,

1.5. Huentelauquén

Found in coastal northern Chile, the Huentelauqueén tradition is characterised by lanceolate projectile
points and disc-shaped stones?>2°,

1.6. Itaparica

Found in central and northwestern Brazil, the Itaparica tradition or technocomplex includes unifacial
limaces or lesmas3%-33,

1.7. Paijan

Found in coastal northern Peru, the Paijan tradition includes bifacial, projectile points with a narrow
basal stem and unifaces (limaces)®*. Paijan is different from the Fishtail tradition, in that it contains
bi- and uni-facial tools®’.
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1.8. Pay Paso and Tigre

Found in Uruguay at the K87 type site, Tigre and Pay Paso complexes include bifacial point
technology. Tigre includes stemmed projectile points and asymmetrical bifaces, whilst the later Pay
Paso is represented by points with short, highly-concave stems?.
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2. Site reports
2.1. Argentina

2.1.1. Agua de la Cueva

Agua de la Cueva is a high-altitude (2,900 m.a.s.l.) rockshelter located in Argentina (-32.6169, -
69.1636), containing lithic technology and faunal remains (including Lama guanicoe)®-42. There are
three lithostratigraphic units subdivided into five, with subunits 2b and 2c including the earliest
archaeological evidence (see Figs. 2-3 in Garcia et al.%).

Bayesian modelling estimates the start of subunits 2b and 2c at 13265-11290 cal BP and 11270-8740
cal BP, respectively, with six outliers (five in subunit 2a and one in 2b; all charcoal; see
Supplementary Figure 29 and OxCal code). These are likely due to bioturbation caused by Ctenomys
Medocinus activity*?.
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Supplementary Figure 29. Bayesian age model for Agua de la Cueva. Brackets beneath each age
estimate show 68.3% and 95.4% CI. Outlier analysis output is noted as ‘O:posterior probability/prior
probability’.
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2.1.2. Arroyo Seco 2 (AS2)

Arroyo Seco 2 (AS2) is an open-air site in Argentina (-38.360556, -60.244167), containing lithic
technology, extinct fauna (Equus neogeus, Hippidion sp., Toxodon platensis, Megatherium
americanum, Eutatus seguini, Glossotherium robustum, Macrauchenia sp., Glyptodon sp., and
Camelidae cf. Hemiauchenia) and ceramics**-47. The site also contains ~50 human burials dated to
the early- and mid-Holocene®. There are four stratigraphic units at the site as defined by
sedimentological evidence: X, Y, S and Z (top to bottom) (see Fig. 3 in Politis et al.**). Unit X contains
lithics, extant fauna, pottery and historical artefacts. Unit Y contains lithics and extant/extinct fauna,
including Pleistocene mammals towards the middle and base. Unit S contains lithics and extinct fauna,
as well as intrusive human burials (n=7). Unit Z presents a relatively limited number of faunal remains
and lithics, multiple human burials (n=26), and evidence of vertical mixing (downward). All human
burials located in units S and Z are intrusions that begin in the middle to upper sections of Unit Y.
Over 50 radiocarbon dates have been produced, with 21 representing extinct mammals from units Y
and S. There are no ages for younger unit X.

Using 21 dates on extinct fauna (including same-sample replicates), Bayesian modelling estimates
the start of Unit S at 14065-13005 cal BP and Unit Y at 13240-12820 cal BP (with overlap at 95%
Cl; see Supplementary Figure 30 and OxCal code). There are a large number of major outliers within
the sequence, however, with most of the replicates (3/4) failing y? testing. This is most likely due to
differences in pretreatment protocols leading to ineffective sample decontamination. The earliest
estimations for Unit S can be considered a terminus post quem for human activity at the site.
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Supplementary Figure 30. Bayesian age model for Arroyo Seco 2. Brackets beneath each age
estimate show 68.3% and 95.4% CI. Outlier analysis output is noted as ‘O:posterior probability/prior
probability’.

43



A,

OH"%e PARBELI A 4)
e

éwa[yr( F%Umt Z/S/Start Unit S");

_Date("AA-7965",11250,105)
AMRGEATRP S
’_Date("OxA-4590",11000,100)
Nt 1.0.05);
HcRgaies
’_Date("OxA-9242",11730,70)
ﬁé%tc%mt azsgla’%a
by S
PHRBPARSL M '8 He Y
M
_Date("TO-1504",8890,90)
er(" 11.0.05);
RS IBIL T
y&n{amﬁ@d)unn S/Slan Unit S/Y/Start Unit Y");
_Date("UCIAMS 142842",12170,45)
utlier("Geperal’, .
TR
*_Combine("FCS. AS2.10239")
_Date("OxA-4591",12240,110)

ROz e

_Date("AA-9049",10500,90)

e
Dutlier("General,0.05);

_Combine("FCS. AS2.8487")
Date("CAMS-58182",12200,170)

eS80

_Date("OxA-15871",12170,55)

ARG AR B

_Date("OxA-10387",12155,70)

AR e

Date( "AA-62514",11770,120)

R

_Date("TO-1506",7320,50)

%‘ﬁ‘g@(&l Eén | t%%se &)

gutlier( "General",0.05);

’_Combine("AS2.35/36.1")
_Date("LP-53",8470, 240)

%‘[é?%. %%se

Date( SI 5481 1800 110)

utller( General 0 05)
%Dale( "GrA-47340",9775,45)

AR A

> _Combine("AS2.54. VI111.20")
%’Dale( "CAMS-16389",11750,70)

MRS

_Date("AA-7964",11590,90)

SRS

utller( "General”,0.05);
%Dale( "AA- 39365 ,11320,110)

Rt
 Date("OxA-9243" 12070, 140)
IS AR
E‘é?é(%@‘bﬁ fogynit Y

oundary( "End Unit Y");
blfference( Difference S and Y*,"End Unit Z/S/Start Unit S","End Unit S/Start Unit S/Y/Start Unit Y");

2.1.3. Campo Laborde

Campo Laborde is an open-air site located in Argentina (-37.10, -60.38), containing lithic and bone
tool (on Megatherium americanum) technology in association with Megatherium americanum (cut-
marked rib) and glyptodont (Neosclerocalyptus sp. and Doedicurus sp.) remains*®-%4, There are six
strata, with stratum 1 (paleoswamp) showing the earliest evidence of human activity (see Fig. 5 in
Politis et al.>*). The presence of lithic flakes at bracketing levels, Guerrero Member and stratum 2, is
reported as vertical mixing (animal burrowing is observed). There is no other early Holocene evidence
in the site.

A single-phase Bayesian model including all bone ages estimates the start of stratum 1 at 13870-
12510 cal BP (see Supplementary Figure 31 and OxCal code). Sensitivity testing shows that this
estimate is comparable to that obtained from a model containing only XAD collagen ages CAMS-
171861, -171851 and -171852 (Supplementary Figure 32-33).
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Supplementary Figure 31. Bayesian age model for Campo Laborde (all bone dates). Brackets
beneath each age estimate show 68.3% and 95.4% CI.
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Supplementary Figure 32. Bayesian age model for Campo Laborde (only XAD dates). Brackets
beneath each age estimate show 68.3% and 95.4% CI.
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Supplementary Figure 33. Probability density function for the difference (‘D’) between the start of
cultural activity at Campo Laborde using all bone dates (Supplementary Figure 31) vs only XAD
measurements (Supplementary Figure 32). These results suggest that there is no significant difference
between the modelled outputs, as the distributions include zero at 95.4% CI (black bracket beneath).
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2.1.4. Casa del Minero 1

Casa del Minero 1 is a cave site located in Argentina (-48.575833, -68.912500), containing lithic
technology and extinct faunal remains (Hemiauchenia cf. paradoxa)!®>-° There are five
stratigraphic units with the basal layer (5) being archaeologically sterile (see Fig. 1 in Paunero®®).

Bayesian modelling estimates the start of SU 4 at 13635-12760 cal BP and SU 3c (inferior) at 12750-
12020 cal BP, with no outliers (Supplementary Figure 34). There is a gap of up to 950 years between
SU 4 and 3c, although more chronometric data is required to test this since there is a limited number
of ages overall. Following SU 4 and 3c, cultural activity is evidenced in SU 3a (superior), which is
estimated to have started at 8110-5775 cal BP (68.3% CI).
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Supplementary Figure 34. Bayesian age model for Casa del Minero 1. Brackets beneath each age
estimate show 68.3% and 95.4% CI. Outlier analysis output is noted as ‘O:posterior probability/prior
probability’.
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2.1.5. Cerro La China (1-3)

Cerro La China, including rockshelter and open-air sites 1-3, is an archaeological locality found in
Argentina (approximately -37.95, -58.62), containing lithic technology (Fishtail and other
uniface/biface)°62, According to Flegenheimer®?, the basal/lowest component of site 3 corresponds
to, archaeologically, levels 2 from sites 1-2. Although there is only uniface/biface technology in the
former, the latter include Fishtail points. Authors argue that inhabitants are likely from one group

engaging in different activities.

A single-phase Bayesian model estimates the start of occupation at 13135-12700 cal BP (see
Supplementary Figure 35 and OxCal code).
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Supplementary Figure 35. Bayesian age model for Cerro La China (1-3). Brackets beneath each age
estimate show 68.3% and 95.4% CI.
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2.1.6. Cerro Tres Tetas (C3T)

Cerro Tres Tetas (C3T) is an open-air site located in Argentina (-48.149444, -68.933333), containing
lithic technology, hearths, and associated Lama guanicoe remains (including cut marks)*>63-70, There
are a number of stratigraphic units as defined by sedimentological and cultural evidence, with unit 5
containing the earliest cultural occupation.

Bayesian modelling estimates the start of layer 5 (lower) at 13500-12815 cal BP and layer 5 (upper)
at 12920-12305 cal BP (see Supplementary Figure 36 and OxCal code). Within layer 5, LP-525 is
identified as a likely underestimate with a 100% outlier posterior probability. This is likely due to
incomplete decontamination since it is a younger replicate measurement. The averaged age, however,
is not an outlier. Following layer 5, cultural activity is evidenced at layer 4, which is estimated to have
started at 6285-2300 cal BP (although likely overestimated due to poor chronological resolution).

P —
r — e}

A

End 3a upper
LP-¥70 [O:2/5]
End 3a lower/Start 3a upper
LP-1180 [O:1/5]
End CP hay layer/Start 3a lower
LP-1187 [O:1/5]
End 3b/Start CP hay layer
LP-541 [0:2/5] el
End 4/Start 3b =
LP-538 [0:100/5]
End gap/Start 4
End 5 upper/Start gap
LP-800 [O:3/5]
End 5 lower/Start 5 upper
Date 5 lower
AA-22233 [0:1/5]
AA-39368 [0:1/5]
LP-781 [O:1/5]
OxA-10745 [O:2/5]
AA39366
OxA-9244
LP-525
Same sample [0:1/5]
5 lower
Start 5 lower
Cerrg Tres Tetas, Cueva 1

20000 15000

——
m—m
—a
_—

10000
modelled date (cal BP)

Supplementary Figure 36. Bayesian age model for Cerro Tres Tetas. Brackets beneath each age
estimate show 68.3% and 95.4% CI. Outlier analysis output is noted as ‘O:posterior probability/prior
probability’.
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2.1.7. El Alto 3

El Alto 3 is a rockshelter located in Argentina (-31.4, -64.7), containing lithic technology’™"2. There
are five sedimentary units (SU), with the earliest archaeological evidence found in units 4 and 3 (see
Fig. 1 in Rivero & Roldan’?). The latter, for which no radiocarbon measurements have been produced,
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includes ten lanceolate projectile points.

Bayesian modelling estimates the start of SU4 and 3 at 18095-12745 cal BP and 11260-4910 cal BP
(if taken to be the end of SU4), respectively, with no outliers (see Supplementary Figure 37 and OxCal
code). The former estimate is likely overestimated due to poor chronological resolution at the site.
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Supplementary Figure 37. Bayesian age model for El Alto 3. Brackets beneath each age estimate
show 68.3% and 95.4% CI. Outlier analysis output is noted as ‘O:posterior probability/prior
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2.1.8. Gruta del Indio

Gruta del Indio is a cave site located in Argentina (-31.4, -64.7), containing lithic technology and
extinct fauna (Mylodon and Megatherium)’3-’6. There are four cultural components, with Atuel 1V
being the oldest. Although there are extinct fauna remains within this level, it is unclear whether
humans interacted with the animals’7®. Therefore, although there are direct radiocarbon
measurements on the fauna, Gil”® argues that the antiquity of human activity at Gruta del Indio might
only be inferred from the charcoal ages.

Bayesian modelling estimates the start of Atuel IV (using only charcoal ages) at 12800-11695 cal BP,
with one outlier (GrN-5394; charcoal in Atuel 1V; see Supplementary Figure 38 and OxCal code).
This is likely an age underestimate due to vertical mixing or pretreatment issues. Following Atuel 1V,
cultural activity is evidenced at Pre Atuel 111, which is estimated to have started at 9970-8435 cal BP.
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Supplementary Figure 38. Bayesian age model for Gruta del Indio. Brackets beneath each age
estimate show 68.3% and 95.4% CI. Outlier analysis output is noted as ‘O:posterior probability/prior
probability’.
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2.1.9. Paso Otero 5

Paso Otero 5 is an open-air site part of the Otero archaeological locality found in Argentina (-38.2022,
-59.1327), containing lithic technology (Fishtail) and extinct fauna (Megatherium americanum,
Macrauchenia cf. patachonica and Equus neogeus)’’-8. There are a number of stratigraphic units as
defined by sedimentological evidence, with the archaeological component mostly located within the
Puesto Callejon Viejo Paleosol (including layers ACb6 and Ab6; see Fig. 2 in Martinez &
Gutierrez’). There are currently six radiocarbon measurements on bone, with the three younger ages
considered anomalous by Martinez and Guitiérrez’®. As such, a single-phase model was built using
the three remaining bone dates and one soil measurement.

A single-phase Bayesian model estimates the start of occupation at 14780-11845 cal BP (see
Supplementary Figure 39 and OxCal code).
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Supplementary Figure 39. Bayesian age model for Paso Otero 5. Brackets beneath each age estimate
show 68.3% and 95.4% CI.

lot()
%é‘d%ﬁé%’(“ﬁak%%{é%%‘%o‘l“c")‘

gg\enzar.y("Slan"):

bl

‘ation™);
éoundary("End");

)

2.1.9. Piedra Museo (AEP-1)

Within the Piedra Museo Locality, Alero El Puesto 1 (AEP-1) is a rockshelter site located in Argentina
(-47.895000, -67.867778), containing lithic technology and extinct faunal remains (Hippidion
saldiasi and Mylodon sp.)*®1-8, There are six stratigraphic units (SUs) at the site, which are based
on sedimentological differences (see Fig. 1 in &). The lower levels, 5 and 6, have been affected by
water table fluctuations. There are two cultural components separated by a chronological hiatus
(SU3). The Lower Component is composed of SUs 6-4, whilst the Upper Component includes SUs
2-1.

Bayesian modelling of AEP-1 estimates the start of SU6 at 15850-12515 cal BP, SU5 at 12550-12060
cal BP (Fishtail projectile point at SU4/5, in association with AA-8428 in SU5), and SU4 at 12375-
11025 cal BP (see Supplementary Figure 40 and OxCal code). SU6 and the SU5/6 transition contain
all outliers identified (AA-20125, charcoal; OxA-9509, charcoal; OxA-8528, Hippidion bone; AA-
39362, Hippidion bone; OxA-9508, charcoal). The Hippidion bone samples—replicates that fail a 2
test and, as such, are significantly different (y* = 66.031; df = 2; p = 6.0)—Ilikely denote pretreatment
issues, with the oldest date probably being more reliable. The rest are likely under- and over-
estimates, suggesting vertical mixing, inbuilt age for charcoal, and/or pretreatment issues. SUs 6-4
are estimated to have lasted up to 4,405 years. Following these strata, cultural activity is evidenced at
the Upper Component, which is estimated to have started at 9705-8200 cal BP.
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Supplementary Figure 40. Bayesian age model for AEP-1. Brackets beneath each age estimate show
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2.1.10. La Moderna

La Moderna is an open-air site located in Argentina (-37.13, -60.08), containing lithic technology in
association with a Doedicurus clavicaudatus®®®. There are four geological levels, with the
archaeological material found in transitional unit LU(a’), between the Guerrero and Rio Salado
members (see Fig. 1 in 88). Although there is a bone collagen age at 12350 + 370 BP (TO-1507), this
is considered to be anomalous and the chronology has been so far set at 7500 BP. This site was not
included in the Bayesian analysis.

2.2. Brazil

2.2.1. Abrigo do Sol

Abrigo do Sol is a rockshelter site located in Brazil (-14.2, -59.9), containing lithic technology®®°L.
Initial excavations were carried out in the 1970’s, with reports showing archeo-chronometric
inconsistencies. Although recent efforts aimed to elucidate these through a review of published and
unpublished data, there is insufficient stratigraphic clarity (and relationship) for Bayesian modelling.
As such, this site was not included in the Bayesian analysis.
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2.2.2. Bogueirdo do Sitio da Pedra Furada

Boqueirdo do Sitio da Pedra Furada is a rockshelter site located in Brazil (-8.85, -42.550556),
containing lithic technology (including Itaparica), stone structures (intentional conglomerations) and
hearths®>-1%4, There are two principal components: Holocene and Upper Pleistocene. The latter has
been labelled the Pedra Furada phase and there is controversy regarding its archaeological nature®,
The main phases are further divided into different layers: PF 1-3 within the Pedra Furada phase, and
Serra Talhada (ST) 1, ST 2 and Agreste (AG) for the Holocene component (see Fig. 15 in Parentil®®),
These layers are not defined by sedimentology, but rather by cultural characteristics and chronology.

Bayesian modelling including most finite radiocarbon dates for the site estimates the end of the
Pleistocene component (PF 3) at 17830-12910 cal BP (with an estimated age range at 27438-15580
cal BP), and the start of the Holocene component (ST 1) at 13755-11465 cal BP, with a gap of between
300 and 5,610 years in between (see Supplementary Figure 41 and OxCal code). There are no outliers.
Fourteen dates were not included in the model as no phase, i.e., PF 1 etc, was noted. Following ST1,
cultural activity is evidenced at ST2, which is estimated to have started at 9180-8425 cal BP.
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2.2.3. Caverna da Pedra Pintada

Caverna da Pedra Pintada (also known as Gruta do Pildo) is a cave site in Brazil (-1.1, -54.06),
containing lithic technology and ceramics!®110, The site was excavated in the 1990s under
Roosevelt!?” and in 2014 under Pereiral’®. As for Roosevelt’s excavation, 20 archaeological strata
divided into four main groups—culturally sterile (strata 21-18), Pleistocene/preceramic (strata 17-
16), culturally sterile (strata 15-13), and Holocene/ceramic (strata 12-1)—were identified (see Fig. 5
in Roosevelt et al.1%7). Strata 17-16 were subdivided into four main periods: initial, early, middle and
late. In the 2014 excavation, ten archaeological layers were defined by sedimentological
characteristics and the presence/absence of cultural material (see Fig. 4 in Rodet et al.1% and Table 2
in Pereira & Moraes'!?). Stratigraphy emerging from both excavations was correlated by Pereira (per
Rodet et al.1%), but no such information was found.

Bayesian modelling of Roosevelt’s data estimates the start of the initial period for all units at 13035-
12195 cal BP, the early period at 12400-12100 cal BP, and the late period at 11920-11720 cal BP
(with only the former two overlapping at 95% CI; Supplementary Figure 42 and OxCal code). There
are four major outliers, including two humic fractions (GX19523CAMS and GX19539CAMS;
underestimates), one wood charcoal (Beta-76954CAMS; overestimate), and one carbonised seed
(GX17413; overestimate). These likely denote modern carbon presence, inbuilt age, and/or vertical
mixing. Modelling of Pereira’s data estimates the start of level I at 13390-12240 cal BP, with one
major outlier in level VIII (Beta-434985, charcoal or charred seeds; underestimate) (Supplementary
Figure 43 and OxCal code). The estimates for the start of cultural occupation from both datasets
(Roosevelt and Pereira) are comparable (Supplementary Figure 44). Luminescence ages were
excluded given that ascertaining the period (i.e., initial, early or late) was not possible. As noted by
Roosevelt'®”, however, the radiocarbon-based chronology fits well within that derived from these
measurements (large error margins).
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Supplementary Figure 42. Bayesian age model for Caverna da Pedra Pintada using Roosevelt’s data.
Brackets beneath each age estimate show 68.3% and 95.4% CI. Outlier analysis output is noted as
‘O:posterior probability/prior probability’.

60



End|iX —
Beta-434984 [O.4/5] -

End \VIlI/Start IX
Beta-434985 [O:100/5] - -
End |VIl/Start Vil =—r-

Bela-475219 [O:3/5] S
Va|9|eta-434986 [0:4/5] -
End \VI/Start VIl

Beta-47/5220 [Q:7/5]
Valgeta-434987 [D:4/5] —h
End|V/Start VI I —

Bela-434990 [D:T1/5]

Both 434989 [0-3/5] =
VBeta-434988 [0:6/5] =
End Ill/Start V
End \lll/Start IV
Beta-434991 [O:2/5]
End \ll/Start ]
End \I/Start 1l

Date of T s

Beta-434993 [Q:7/6] &=

Beta-434992 [Q:6/8] — +-=-

i

2Y

i 3 [fP' [['

[
Start | o
Caverna da Pedra Pintada 2014

16000 14000 12000 10000 8000 6000 4000 2000 0

modelled date (cal BP)

Supplementary Figure 43. Bayesian age model for Caverna da Pedra Pintada using Pereira’s data.
Brackets beneath each age estimate show 68.3% and 95.4% CI. Outlier analysis output is noted as
‘O:posterior probability/prior probability’.

D —
[Caverna da Pedra Pintada Rooseyelt vs Pereina ]
-2000 -1500 -1000 -500 0 500 1000 1500

Interval (yrs)

Supplementary Figure 44. Probability density function for the 2(‘D’) between the start of cultural
activity at Caverna da Pedra Pintada using Roosevelt’s (Supplementary Figure 46) vs Pereira’s
(Supplementary Figure 43) data. These results suggest that there is no significant difference between
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2.2.4. Lapa do Boguete

Lapa do Boquete is a cave site located in Brazil (-14.98, -44.44), containing lithic technology
(Itaparica) and human remains®311%-118 There are nine strata as defined by sedimentological
characteristics, with archaeological levels denoted by “upper’, ‘middle’, ‘lower’ and ‘base’ sections
(see Fig. 5.21 in Kipnis®3). Stratum 9 is archaeologically sterile.
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Bayesian modelling estimates the start of strata 8 at 14600-12625 cal BP (Itaparica), 7 at 12860-11205
cal BP and 6 at 11975-10355 cal BP, with eleven outliers (see Supplementary Figure 45 and OxCal
code). The discrepant ages likely denote vertical mixing, inbuilt age and/or pretreatment issues. Three
dates (clear outliers) were removed from the model as it failed to converge with these included
(CDTN-2731, CDTN-1087), and a third with no laboratory code but an age of 3540 + 150 BP.
Following strata 8-6, stratum 5 and 4 are noted as being poor in archaeological vestiges®. Stratum 3,
containing basketry, is estimated to have started at 8690-7905 cal BP.
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Supplementary Figure 45. Bayesian age model for Lapa do Boqguete. Brackets beneath each age
estimate show 68.3% and 95.4% CI. Outlier analysis output is noted as ‘O:posterior probability/prior
probability’.
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2.2.5. Lapa dos Bichos

Lapa dos Bichos is a cave site located in Brazil (-14.98, -44.44; four kilometres from Lapa do
Boquete), containing lithic technology and hearths33. There are nine strata, with the bottom layer (9)
being archaeologically sterile (see Fig. 5.26. in Kipnis®3).

Bayesian modelling estimates the start of stratum 8 at 15985-1190 cal BP or 13445-12065 cal BP
(68.3% Cl; Itaparica) and stratum 7 at 12204-10117 cal BP (both overlap at 95% CI), with no outliers
(see Supplementary Figure 46 and OxCal code). Following strata 8 and 7, cultural activity is
evidenced at stratum 6 (although noted as containing ‘little archaeological material’ by Kipnis33,
which is estimated to have started at 10085-8280 cal BP.
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Supplementary Figure 46. Bayesian age model for Lapa dos Bichos. Brackets beneath each age
estimate show 68.3% and 95.4% CI. Outlier analysis output is noted as ‘O:posterior probability/prior
probability’.
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2.2.6. Lapa Vermelha IV

Lapa Vermelha IV is a cave site located in Brazil (-19.666667, -43.883333), containing human
remains and extinct fauna'*®12%, There are three strata (A-C) as defined by Feathers et al.'*° in a
reanalysis of depositional data. An individual named ‘Luzia’ and represented by a disarticulated
skeleton was found at the site, but there are uncertainties regarding their provenience (elements likely
moved as the rockshelter surface slopes from north to south). It is believed, however, that Luiza was
recovered near the interface of strata A and C.

A Bayesian model using OSL ages from strata A and C, plus the two radiocarbon measurements that
potentially bracket Luzia (Gif-3727 and -3903), was created. Given the large uncertainties for the
OSL ages, the provenience of Luiza and the correlation of radiocarbon ages with the OSL chronology,
this is not reported. As such, this site is not included in the Bayesian analysis.

2.2.7. Santa Elina

Santa Elina is a rockshelter site located in Brazil (-15.4577778, -56.7925), containing lithic
technology and extinct faunal remains (Glossotherium letsomi)!?>-128 There are four stratigraphic
units at site (I-1V) as defined by sedimentological, archaeological and palaeontological evidence (see
Fig. 1 in Pansani et al.*?6). Unit IV does not contain archaeological material. Units 111 (3 & 4) and Il
(1b & 2) include spatially associated cultural and paleontological evidence.
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Bayesian modelling estimates the start of Unit 11 at 21710-16790 cal BP (or 20320-17750 cal BP at
68.3% CI), with no outliers (Supplementary Figure 47). The age range for this component is estimated
at 18965-7815 cal BP, overlapping the ACR-YD period. Following Unit Il, cultural activity is
evidenced at Unit I, which is estimated to have started at 7945-7690 cal BP. Sensitivity testing shows
that the incorporation of UGAMS-51687 and -51688 as the calculated bone collagen dates rather than
the original apatite measurements makes no significant difference to model outputs (start of Unit II;
Supplementary Figures 48-49). The estimates here provided are yielded from the model that uses the
apatite dates.
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Supplementary Figure 47. Bayesian age model for Santa Elina (with original bone apatite dates).
Brackets beneath each age estimate show 68.3% and 95.4% CI. Qutlier analysis output is noted as
‘O:posterior probability/prior probability’.
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Supplementary Figure 48. Bayesian age model for Santa Elina (with calculated bone collagen
dates). Brackets beneath each age estimate show 68.3% and 95.4% CI. Outlier analysis output is noted
as ‘O:posterior probability/prior probability’.
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Supplementary Figure 49. Probability density function for the difference (‘D’) between the start of
Unit 11 using the original apatite dates (Supplementary Figure 47) vs the calculated collagen ages
(Supplementary Figure 48). These results suggest that there is no significant difference between the
modelled outputs, as the distributions include zero at 95.4% CI (black bracket beneath).
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2.2.8. RS-1-69 (Laranjito)

RS-1-69 (Laranjito) is a site located in Brazil (-14.98, -44.44), containing lithic technology*?. The
lithic technology found is noted as ‘Uruguai’, which includes bifaces, unifaces and projectile points.
Limited stratigraphic information is provided in Dias and Jacobus!?®, but the concentration of
archaeological material is noted a z range of 680-710 cm, with the oldest measurement SI-2630
(10985+100 BP), an outlier, found 2 m above more reliable dates SI-2631 (9620 + 110 BP) and SI-
3106 (1024080 BP). As such, a single-phase model was constructed using five measurements.
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A single-phase Bayesian model estimates the start of occupation at 14780-11845 cal BP (see
Supplementary Figure 50 and OxCal code).

End
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Supplementary Figure 50. Bayesian age model for RS-1-69. Brackets beneath each age estimate
show 68.3% and 95.4% ClI.
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2.2.9. Santana do Riacho

Santana do Riacho is a rockshelter site located in Brazil (approximately at -19.2, -43.7), containing
lithic technology, human remains and hearth features33130-134 There are seven stratigraphic units
within three different excavation units (SR1-3), with SR1 containing most human burials (see Fig. 4
in Neves et al.13). Strata 0, 5, and 6 are archaeologically sterile, and stratum 3 contains most human
burials. It is unclear whether stratum 7 represents cultural or merely geological activity (charcoal from
natural fires).

A single-phase Bayesian model including all bone ages apart from Beta-96759 estimates the start of
burial and potentially cultural activity at 14465-9030 cal BP (see Supplementary Figure 51 and OxCal
code). Beta-96759 was excluded as the §13C value, -33.2%o, is anomalous and there is no other data
with which to assess reliability. Following stratum 3, cultural activity is evidenced at stratum 2, which
includes ages 8185 + 110 BP (CDTN-1039) and 8381 + 280 BP [CDTN-1044; both at approximately
9200 cal BP (mean)]. Sensitivity testing shows that the 14465-9030 cal BP estimate for the potential
start of cultural activity is comparable to that obtained from a multi-phase model containing
unidentified charcoal samples from strata 1 and 3 at SR3 (Supplementary Figures 52-53).
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Supplementary Figure 53. Probability density function for the difference (‘D’) between the start of
cultural activity at Santana do Riacho using all bone dates [Supplementary Figure 51 vs unidentified
charcoal samples from strata 1 and 3 at SR3 (Supplementary Figure 52)]. These results suggest that
there is no significant difference between the modelled outputs, as the distributions include zero at

95.4% CI (black bracket beneath).
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2.2.10. Toca da Janela da Barra do Antonido

Toca da Janela is a rockshelter site located in Brazil (-8.802222, -42.433056), containing lithic and
bone technology, as well as megafauna remains!3>36, During excavations in 2013, six sedimentary
units (C1-6) containing seven archaeological levels were found, with the oldest archaeological
material found in C6a (basal, although not mentioned as a cultural occupation at the end of Layahe et
al.1%), C5a, C4a, and C3a-b (the latter containing Itaparica technology).

Bayesian modelling estimates the start of C4 and C3 at 19000-13565 cal BP (or 17310-14380 cal BP
at 68.3% CI) and 14650-10850 cal BP (or 13790-11880 cal BP at 68.3%), respectively, with no
outliers (Supplementary Figure 54 and OxCal code). The latter, associated with Itaparica technology,
dates to a range of 15501-12995 cal BP (at 68.3%). Given that the sequence is dominated by imprecise
OSL measurements, however, these estimates require careful interpretation.
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Supplementary Figure 54. Bayesian age model for Toca da Janela da Barra do Antonido. Brackets
beneath each age estimate show 68.3% and 95.4% CI. Outlier analysis output is noted as ‘O:posterior
probability/prior probability’.
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2.2.11. Toca do Sitio do Meio

Toca do Sitio do Meio is a rockshelter site located in Brazil (-8.839167, -42.563889), containing lithic
technology and hearths®®102137-139 There are two main units (lower and upper) separated by a rock-
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fall layer (see Fig. 3 in Boéda et al.**"). In Aimola et al.%, the authors define four stratigraphic units
(I-V, top to bottom) within sector 2, with IV representing ‘fallen heterometric sandstone blocks’.

Excavation and documentation methods between field programs at Toca do Sitio de Meio*® have
differed, making the correlation of radiocarbon dates, within their archaeological context, a challenge.
Therefore, a simple Bayesian model was created with two phases corresponding to the main lower
and upper units. A number of dates were placed within the upper unit but this assignment is uncertain.
These are coloured in purple and seem to be congruent with the chronology (no outliers). This model
estimates the start of the upper unit at 18580-16245 cal BP (ltaparica), with no outliers (see
Supplementary Figure 55 and OxCal code). The age range for this component is estimated at 17240-
7865 cal BP, overlapping the ACR-YD period.
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Supplementary Figure 55. Bayesian age model for Toca do Sitio do Meio. Purple distributions
denote ages for which their stratigraphic assignment is uncertain (although none of them are identified
as major outliers). Brackets beneath each age estimate show 68.3% and 95.4% CI. Outlier analysis
output is noted as ‘O:posterior probability/prior probability’.
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2.2.12. Toca do Garrincho

Toca do Garrincho is a cave site located in Brazil (-8.930833, -42.614444), containing human and
faunal remains4%-142, There are two stratigraphic units, A (Holocene) and B (Pleistocene), which are
separated by a stalagmite. A human incisor and molar (in alveolar bone) were found during
excavations within trench 1 (at different levels), below the stalagmite [dated through associated
charcoals to 10020 + 290 BP (GIF-9335)]. The teeth were dated by Beta Analytic to 12210 + 40 BP
(Beta-136204), although no collagen was obtained. The date is noted as having been obtained from
carbon within the acid washes, which would yield an unreliable measurement that is, most likely, a
minimum age. No modelling was attempted given sample size and reliability issues. As such, this site
is not included in the Bayesian analysis.
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2.2.13. Vale da Pedra Furada

Vale da Pedra Furada is an open-air site in Brazil (approximately -8.85, -42.55), containing lithic
technology37:143-146_There are fifteen distinct archaeological horizons (see Fig. 2 in Boéda et al.*),
with C4 being culturally sterile. Deposits C7 and C3 contain most of the lithic material found at the
site’**, and the oldest reported archaeological levels are C13 through to C7y. In 2021, Boéda et al.
made amendments to the nomenclature system.

Following the culturally sterile level C4, Bayesian modelling estimates the start of C3 and C2 at
20265-16090 cal BP and 16245-8740 cal BP (or 16230-13420 cal BP at 68.3% Cl), respectively (see
Supplementary Figure 56 and OxCal code). The age range for C3 is estimated at 19320-11700 cal
BP, overlapping the ACR-YD period. There are three major outliers in the sequence, all from
preceding levels. Radiocarbon measurement Gif-13101/SacA-37774 was excluded as contextual
information was not identified.
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Supplementary Figure 56. Bayesian age model for VVale da Pedra Furada. Brackets beneath each age
estimate show 68.3% and 95.4% CI. Outlier analysis output is noted as ‘O:posterior probability/prior
probability’.
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2.3. Bolivia

2.3.1. Cueva Bautista (AL03)

Cueva Bautista (AL03) is a high-altitude (3,933 masl) rockshelter located in Bolivia (-21.338, -
67.574), containing lithic technology (unifacial) and hearths4’-4%, There are 17 stratigraphic levels
(A-Q), with P showing the earliest signs of human activity (see Fig. 3. in Capriles et al.}#7).

Bayesian modelling estimates the start of level P at 13010-12735 cal BP and level O at 12770-12410
cal BP, with no outliers (see Supplementary Figure 57 and OxCal code). Following the late
Pleistocene/early Holocene occupation, there is a late Archaic horizon dated to ~4000 cal BP47,
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Supplementary Figure 57. Bayesian age model for Cueva Bautista. Brackets beneath each age
estimate show 68.3% and 95.4% CI. Outlier analysis output is noted as ‘O:posterior probability/prior
probability’.
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2.4. Chile

2.4.1. La Cueva 1 del Lago Sofia (or Lago Sofia 1)

La Cueva 1 del Lago Sofia (CLS 1) is a cave site located in Chile (-51.53, -72.53), containing lithic
technology, a hearth, and extinct faunal remains (Hippidion saldiasi and Mylodon darwinii)5%151,
There are three stratigraphic levels, including strata la-c, 2a-b, and 3 (see Fig 6. in Prieto'*). The
Paleoindian component is found in stratum 2a, with the hearth in 2b.

Bayesian modelling estimates the start of Fell I at 14360-13325 cal BP, with no outliers (see
Supplementary Figure 58 and OxCal code). Following Fell 1, evidence for cultural activity is found
in a cremation event(s), dating to ~4200 cal BP (mean).
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Supplementary Figure 58. Bayesian age model for la Cueva 1 del Lago Sofia. Brackets beneath each
age estimate show 68.3% and 95.4% CI. Outlier analysis output is noted as ‘O:posterior
probability/prior probability’.
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2.4.2. Cueva de Fell

Cuevade Fell is arockshelter located in Chile (-52.044444, -70.056389), containing lithic technology,
hearths and extinct faunal remains (Hippidion saldiasi and Mylodon darwinii)415>-158, This is the
type-site for Fishtail projectile points. Cueva de Fell has been excavated by both professionals and
amateurs multiple times for over 80 years and so different categorisation systems for the stratigraphy
apply*®3. According to Bird'4, however, there are five archaeological layers (see Fig. 4 in Martin53),
with sterile debris from roof-fall separating the most basal stratum (V; Pleistocene; ‘Period I’) from
overlying, Holocene layers (‘Period II”). Later, layers 18-20 were attributed to Bird’s Period I, whilst
13-17 were correlated with Period 11153,
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A single-phase Bayesian model estimates the start of Period | at 13755-12710 cal BP (see
Supplementary Figure 59 and OxCal code). 1-5144 (9030 + 230 BP) from Period Il was excluded
from the model as there is uncertainty regarding its reliability*®3.
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Supplementary Figure 59. Bayesian age model for Cueva de Fell. Brackets beneath each age
estimate show 68.3% and 95.4% CI.
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2.4.3. Cueva de la Vieja

Cueva de la Vieja is a cave site located in Chile (-45.2742, -71.54) containing lithic technology and
faunal remains'®®. There are five stratigraphic units (SUs) at the site as defined by sedimentological
evidence (see Fig. 4 in Méndez et al.*>°, with archaeological evidence in SU1 and the more basal SU2.

Bayesian modelling estimates the start of SU-3 contact at 14825-11350 cal BP (see Supplementary
Figure 60 and OxCal code). UGAMS-19835 was entered as an outlier at 100% prior probability, as
retrieved from a rodent burrow. Apart from this date, there are X major outliers—Beta-317159 and -
317158 (both likely underestimates in SU3-2 contact)—which is consistent with evidence of vertical
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mixing. Following SU2 (SU3 contact), evidence for cultural activity is found in SU2, which is
estimated to have started at 7400-5705 cal BP.
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Supplementary Figure 60. Bayesian age model for Cueva de la Vieja. Brackets beneath each age
estimate show 68.3% and 95.4% CI. Outlier analysis output is noted as ‘O:posterior probability/prior
probability’.
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2.4.4. Cueva del Medio

Cueva del Medio is a cave site located in Chile (-51.576, -72.583), containing lithic technology and
extinct faunal remains (Hippidion saldiasi and Mylodon)6%-165 As defined by Nami, there are two
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archaeological components labelled as Fell, Magallanes or Bird ‘I’ and “III’, with the former being
the oldest. Technology at Bird 111 shares characteristics with that found at the Pali Aike and Fell sites
in Chile!. A Fishtail projectile point was found in close association with charcoal and calcined
(extinct) horse remains in Fell I. A recent excavation expanding from Nami’s produced multiple bone
ages from faunal samples%41%5, Stratigraphic information on these is unclear, however, including how
each relates to Nami’s archaeological components. Samples explicitly noted as cultural (AA-100228
at 11830 + 30 BP and Beta-319538 at 10410 + 50 BP), fall within range of previously obtained data.
Martin et al.*%4 argue that components Fell | and Fell 111 should be considered as a single cultural
component.

Bayesian modelling using Nami et al., data estimates the start of Fell I and Fell 11l at 13235-12660
(Fishtail) and 12690-12090 cal BP, respectively (see Supplementary Figure 61 and OxCal code).
There are three major outliers: PIT-0343 (burned bone; overestimate), PITT-0244 (charcoal,
underestimate), and Beta-40281 (mammal bone; underestimate). These likely denote vertical mixing
or, for the latter, incomplete decontamination.
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Supplementary Figure 61. Bayesian age model for Cueva del Medio. Brackets beneath each age
estimate show 68.3% and 95.4% CI. Outlier analysis output is noted as ‘O:posterior probability/prior
probability’.
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2.4.5. Los Rieles

Los Rieles is an open-air site located in Chile (-31.93, -71.52), containing human burials, lithic
technology, faunal remains and hearths'®. There is a Middle Holocene shell mound (or ‘midden’, as
per the authors) unit containing three human burials (individuals 3, 4, and 6), and a second, underlying
palaeo-dune layer containing two further burials (individuals 1 and 2). Individual 5 is represented by
an intrusive femur within the latter. Stable isotope data for the humans shows that individuals 1, 2
and 5 had a partly marine diet, whilst the remaining, geologically younger individuals show a
preference for terrestrial resources. Given this, mixing models using the R package ‘simmr’¢7 were
created to calculate dietary proportions for the former three individuals (see R code below). Regional
stable isotope values for marine and terrestrial (both fauna and plant) were taken from Alfonso-
Durruty'®8, and diet-to-collagen offset values of 4.8 £0.5%o (6'3C) and 5.5 0.5%0 (5*°N)®° were
applied. Results show an estimated marine contribution of 48.1 + 12.1%, 25.4 + 11.5% and 41.5 +
12.2% for individuals 1, 2 and 5, respectively. AR values applied to each individual (1, 2 and 5) were
calculated in OxCal following Macario et al.'’%, using temporally-matched, paired ages
(terrestrial/marine) from the same latitude reported by Carré et al.1’X. The OxCal code for these AR

calculations can be found below.

Bayesian modelling estimates the start of the palaeo-dune unit at 17130-10815 cal BP (or 13825-
10925 cal BP at 68.3% CI; Supplementary Figure 62). As mentioned by Jackson et al.1%, the ages for
Individual 1 fail a % test (3> = 8.187; df = 2; p = 6.0) and dates UCIAMS-79662 and BETA-251901
are identified as major outliers. Together with the fact that human osteological material is noted as
having undergone conservation, this likely denotes contamination. The combined and modelled age
for Individual 1 is 11625-11560 cal BP.
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Supplementary Figure 62. Bayesian age model for Los Rieles. Brackets beneath each age estimate
show 68.3% and 95.4% CI. Outlier analysis output is noted as ‘O:posterior probability/prior
probability’.
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2.4.6. Pampa Ramaditas 5

Pampa Ramadita 5 is an open-air site in Chile (-21.2, -69.4), containing lithic technology (projectile
point)372, The site is in close vicinity to other Pampa del Tamarugal sites, including Pampa
Ramaditas 7 and Quebrada Mani 12. Although obtained from archaeological deposits, >11000 BP
ages are considered anomalous by the authors as likely impacted by old wood effects!’2.

A single Bayesian model including only <11000 BP measurements estimates the start to 13730-12010

cal BP (Supplementary Figure 63 and OxCal code).
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Supplementary Figure 63. Bayesian age model for Pampa Ramaditas 5. Brackets beneath each age
estimate show 68.3% and 95.4% CI.

lot()
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‘ation”);
éoundary( "End");

2.4.7. Monte Verde | & 11

Monte Verde 1l (MV-I1) is an open-air site in Chile (-41.51, -73.2) within the Monte Verde complex,
containing lithic and wooden technology, hearths, fibre-based artefacts, and extinct faunal remains
(Cuvieronius hyodon and Paleolama sp.)}"31’8, MV-II is interpreted as a campsite. Habitation
surfaces at the site are located within the framework of eight geological strata within the Monte Verde
Formation (MV-1 to MV-8). The MV-II habitation surface is found in the upper levels of MV-7 and
within MV-6, in three distinct occupational areas (Zones A, D and C). MV-5 includes a peat layer,
which developed after the site was abandoned. It is worth noting that the Monte Verde complex
includes three other archaeological sites—Monte Verde | (MV-I), Chinchihuapi I (CH-I), and
Chinchihuapi Il (CH-11)—which also reportedly date to the late Pleistocene and early Holocene
periods. In 2015, new findings from MV-I claimed evidence of cultural activity dated to ‘at least
~18,500 [...] cal BP> 177,

Bayesian modelling of MV-11 estimates the start of MV-7 at 15875-14390 cal BP and MV-6 at 14975-
14295 cal BP (marginal overlap at 95.4% Cl), with site abandonment (end of MV-6) at 14015-13610
cal BP (see Supplementary Figure 64 and OxCal code). The duration of MV-7 and -6 is estimated at
390 to 2,395 years. Within MV-7 and -6, there is one major outlier (TX-3208, charcoal)—a likely
overestimate. Although there were considerations regarding the presence of long-lived species in the
site whilst sampling'’4, it is possible that this sample represents old wood.

To reflect the pre-ACR evidence in Figure 2, a single-phase model for the 2015 findings at MV-I was
created. This has a date range of 24795-11850 cal BP. The OxCal code can be found below.
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Supplementary Figure 64. Bayesian age model for Monte Verde Il. Brackets beneath each age
estimate show 68.3% and 95.4% CI. Outlier analysis output is noted as ‘O:posterior probability/prior
probability’.
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2.4.8. Pilauco

Pilauco is an open-air palaeontological and archaeological site in Chile (-40.6, -73.1), containing lithic
technology (unifacial), extinct faunal remains (including Notiomastodon platensis), and a human
footprint!’®-182, There are nine layers (PB 1-9) (see Fig. 1 in Moreno et al.'®), with strata PB-7 and -
8 including archaeological evidence. The human footprint is found in the former.

Bayesian modelling estimates the start of PB-7 at 17050-16335 cal BP and PB-8 at 13295-12855 cal
BP (marginal overlap at 95.4% ClI; see Supplementary Figure 65 and OxCal code). A Date function
for the footprint-related data yields an estimate of 16575-13120 cal BP (with a comparable 16570-
13120 cal BP for PB-7), overlapping with the ACR-YD period. The replicates within this feature fail
2 tests and, as such, are significantly different (y?> = 59.040; df = 1; p=3.8 & y> = 85.593; df = 1; p
= 3.8). Overall, the sequence includes three major outliers: UCIAMS-101671 (seed or ‘bulk’,
depending on publication), UCIAMS-101771 (seed or ‘bulk’, depending on publication), and
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PSUAMS-2417 (tooth). These represent a mixture of under- and over-estimates. As such, potential
issues include built-in age, insufficient pretreatment, and/or vertical mixing.
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Supplementary Figure 65. Bayesian age model for Pilauco. Brackets beneath each age estimate
show 68.3% and 95.4% CI. Outlier analysis output is noted as ‘O:posterior probability/prior
probability’.
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2.4.9. Punta Nagué

Punta Nagué (LV 098A) is a shell mound located in Chile (-31.85, -71.52), containing lithic
technology (Huentelauquén complex) and hearths®184 There are three cultural levels with a thin,
sterile layer separating the first and second components'83185-188,

Bayesian modelling estimates the start of the lower component at 14760-12540 cal BP and the middle
component at 12475-11185 cal BP, with no outliers (see Supplementary Figure 66 and OxCal code).
AR values applied to the marine measurements were calculated in OxCal following Macario et al.*"°,
using roughly temporally-matched, paired ages (terrestrial/marine) from the same locality reported
by Carré et al.1"*. The OxCal code for these AR calculations can be found below.
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Supplementary Figure 66. Bayesian age model for Punta Nagué. Brackets beneath each age estimate
show 68.3% and 95.4% CI. Green distributions represent marine measurements. QOutlier analysis
output is noted as ‘O:posterior probability/prior probability’.
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2.4.10. Tagua Tagua

Tagua Tagua 1 (TT-1), 2 (TT-2) and 3 (TT-2) are open-air sites located in Chile (approximately -
34.4, -71.2), containing lithic technology and extinct faunal remains. The sites were excavated by J.
Montané in 1967 (TT-1)%1% by L. N0fez in the 1990s (TT-1 was expanded and TT-2 first
excavated)'®! and R. Labarca in 2019-20221%2, Within lithostratigraphic units 5 and 6, at a depth range
of 1.04-2.5 m, TT-1 and -2 sites contain the remains of extinct fauna—predominantly mastodon
(Stegomaston humboldti), horse (Equus), and deer (Antifer niemeyeri)—found in close association
with lithic and osseous artefacts. In total, the Tagua Tagua sites contain >300 skeletal elements
distributed in fourteen different loci, as well as 22 lithic tools (including three Fell-style points
extracted from TT-2) and four bone artefacts. Coupled with this evidence, the lack of anatomical
arrangement of single individuals and the presence of cut marks in bone fragments suggest that TT-1
and -2 were Paleoindian butchering sites®3. In 1968, the chronology at TT-1 was established by a
single charcoal date of 11380 + 320 BP (GX-1205)%%%1%, Following the NUfiez excavations, charcoal
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dates 9900 £ 100 BP (Beta-45519) and 10120 + 30 BP (Beta-45520) were obtained for TT-2. Direct
dating of the human-modified bone fragments had not been attempted since the 1960s when,
according to Montané®®, the age of a mastodon bone could not be determined due to low collagen
yield. In 2018, with the aim of directly dating the faunal remains, the present author obtained eight
bone samples from TT-1 and -2 for radiocarbon dating. These included samples of Stegomaston
platensis and Equus found by Montané in TT-1; a cut-marked Stegomaston platensis vertebra from
TT-2 ; a fragment of a Stegomaston platensis mandible corresponding to a second, infant individual
from TT-2; and cut-marked bird bone fragments from both sites. Unfortunately, none of the samples
yielded collagen. This was consistent with previous®* and recent'® findings, suggesting poor
collagen preservation. TT-3 has geological and archaeological chronometric data—which reportedly
correlate with TT-1, but not TT-2—with evidence of early cultural activity in facies L4b (see Fig. 3
in Labarca et al.1%). This site has evidence of Gomphotherium hunting.

Bayesian modelling of combined data from TT-1 and -2 estimates the start of the Paleoindian level at
14280-12735 cal BP (Fell style), with no outliers (see Supplementary Figure 67 and OxCal code).
Following this, cultural activity is evidenced in a second component, which is estimated to have
started at 7255-6675 cal BP and is based on one date (1-3987; 6130 = 115 BP). As for TT-3, only
archaeo-chronometric data from facies L4b (including a combustion feature) was entered into a
single-phase Bayesian model. This estimates the start for the cultural activity to 13025-12475 cal BP
(Supplementary Figure 68). There is overlap between the two distributions (for TT-1-2 and TT-3;
Supplementary Figure 69) at 95.4% CI, although TT-1-2 might be considered marginally earlier.

End second occupation

[ 1-3987|[O:4/5]
second joccupational event per Montane 1969

=
Start second occupation ———
End temporal gap —— |
Beta-45518 [0:4/5] =
End Paleoindian lejvel ——
s —

Date Haleoindian e ——
Beta-45520 [0:4/5] e e
Beta-45519 [O:5/5] e
D-AMS 034868 [(:4/5] b
D-AMS 034867 [D:4/5] -
GX-1205 [0:5/5] N
Gif-1265 [O:4/5] —
Paleoindian level

Start Paleoindian 1evel o ——
Tagua Tagua 1 & 2

modelled date (cal BP)

Supplementary Figure 67. Bayesian age model for Tagua Tagua 1-2. Brackets beneath each age
estimate show 68.3% and 95.4% CI. Outlier analysis output is noted as ‘O:posterior probability/prior
probability’.
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Supplementary Figure 68. Bayesian age model for Tagua Tagua 3. Brackets beneath each age
estimate show 68.3% and 95.4% CI.
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Supplementary Figure 69. Probability density function for the difference (‘D’) between the start
cultural activity in TT-1 and -2 (Supplementary Figure 67) vs TT-3 (Supplementary Figure 68).
These results suggest that there is no significant difference between the modelled outputs, as the
distributions include zero at 95.4% CI (black bracket beneath).

lot()

ééﬁs%i%%%ﬁ s o0 o
ase?a% eoiAdind! eQ/'gPﬁa" fevel");
Date("Gif-1265",11000,250)
E&M&M&f&eﬁéus%ﬂe archaeological level;

Date("GX-1205",11380,320)
utlie)

gn ext(-Qa{] elst%cer}é archaeological level";

Date("D-AMS 034867",10578,48)

SIS0 %Re archasological level reported by Nufiez et al. (1994), excavation units C3-F3";
Date("D-AMS 034868",10738,43)

ou% é%( Peﬁlelsg)ger}é archaeological level reported by Nufiez et al. (1994), excavation units C3-F3";
%Dale( "Beta-45519",9900,100)

orﬂé%u%%@?c%al %gﬁ}he level as Mastodon™;
Date("Beta-45520",10120,130)

0”% éittgmer&lal gdjosc)ém to Mastodon rib";

é?é(agaglﬁgfé%ﬂw flgojnian™;
ow%fyée% 9, Balepindiag yp!):

dHé?J{—’-‘fﬁﬂ%eaA.at& 5a}nuve the Paleoindian level”;
ounqar E dtem

B SHBRE SRR wotane 1060

. Date("1-3987",6130,115)
g. S FsBRE TR, above 1 m depth;
{o]

undary("End second occupation);

lot()
%évsh ARt Tl 3y

ase? a¥£haeorllo&|cal data for fames L4b ")

A

}} oundary( "End");

2.4.11. Tres Arroyos 1 (TA1)

Tres Arroyos 1 (TAL) is a rockshelter located in Chile (-53.383, -68.783), containing extinct faunal
remains [Eutatus sp., Mylodon sp., Hemiauchenia paradoxa, G. robustum, Toxodon platensis,
Macrauchenia patachonica, Glyptodon sp., M. americanum, Hippidion principale, E. (Amerhippus)
neogeus], lithic technology and hearths'%-1%, There are six levels (I-V1), with the earliest human
occupation at Va. There is evidence of vertical mixing, most likely caused by rabbit burrowing%.

Bayesian modelling estimates the start of Va at 13915-12490 cal BP (see Supplementary Figure 70
and OxCal code). There are four major outliers: Dic-2733 (bone; Level Vb), Beta-20219
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(undetermined burnt bone; Level Va), Beta-101054 (bone; Level Va) and OxA-9245 (tooth; Level
I11). Dic-2733 and Beta-101054 are likely underestimate ages, whilst Beta-20219 and OxA-9245 are
overestimates. Given evidence for bioturbation, these likely denote vertical mixing. However, since
there is limited information regarding bone/tooth pretreatment and quality control parameters are
unreported, incomplete decontamination for the underestimated ages cannot be excluded. Following
Va, it is unclear whether IV represents a human occupation, with Borrero'®® noting that this layer,
‘dated c. 1300 yr BP rests above Layer Va, which is Late Pleistocene.’ For this work, it is assumed
that cultural occupation is only evidenced at Va.
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Supplementary Figure 70. Bayesian age model for Tres Arroyos 1. Brackets beneath each age
estimate show 68.3% and 95.4% CI. Outlier analysis output is noted as ‘O:posterior probability/prior
probability’.
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2.4.12. Quebrada Mani 12, 32 and 35

Quebrada Mani 12 (QM12), 32 (QM32) and 35 (QM35) are open-air sites within the Quebrada de
Mani archaeological locality/catchment in Chile (approximately -21.2, -69.4; at 1,240 m.a.s.l.),
containing lithic and wooden technology®172290-203 \ithin QM12, test pits QM12a, QM12b and
QM12c were excavated, with the latter being expanded to a 2x2 area?%2%4, There are five stratigraphic
strata (1-5), with stratum 5 bearing no cultural remains (see Fig 5 in Latorre et al.?®). Although there
is contextual information for QM 32 and 35, the stratigraphy is not described by Santoro et al.}’? or
Herrera et al.?%4. Moreover, there is recently published archaeo-chronometric data available for the
Quebrada de Mani locality?, but it is unclear how this relates with previous information
(stratigraphically). Occupational phases for QM32, for example, were defined after determining the
distribution of the chronometric data using the Sum function in OxCal. QM35 contains projectile
point technology, QM32 only unifacial, and QM12 surface-found projectile points®2%

A multi-phase Bayesian model for QM12c using Latorre et al.?% and Herrera et al.?%* data estimates
the start of stratum 4-1 at 13560-12025 cal BP, 12765-11970 cal BP, 11810-11530 cal BP and 11720-
11110 cal BP, respectively (Supplementary Figure 71 and OxCal code). There are five major outliers.
This includes ages within the two sets of charcoal duplicates at the beginning and end of the sequence
(both fail each ¥? test), as well as two dates within stratum 2 (UCIAMS-89019 and -89016).
Discrepancy Wlthm the duplicates likely reflects differences in pretreatment, whilst those within
stratum 2 likely indicate vertical mixing and/or inbuilt age (both overestimates). A AR of 40+126 was
applied to the marine gastropod age. This was calculated using Merino-Campos et al.?% data for the
north upwelling coastal region (18-30°S) of Chile, but updated using the Marine20 curve?® through
calib.org?®’ (with the collection date set to the first year of the quoted range).
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Supplementary Figure 71. Bayesian age model for QM12c. Brackets beneath each age estimate
show 68.3% and 95.4% CI. The green distribution denotes a marine measurement. Outlier analysis
output is noted as ‘O:posterior probability/prior probability’.

Single-phase Bayesian models for QM32 and QM35 estimate the start of occupation at 15477-14428
cal BP and 13670-12925 cal BP (Supplementary Figures 72-73). The former is not statistically
comparable to that of QM12c (stratum 4) and QM35, denoting an earlier cultural event in the same
locality. This is contrary to the assertion in Ugalde et al.3 that ‘QM12 was the first location to be
occupied by humans at the Pampa del Tamarugal and the Atacama Desert at large’.

The Bayesian estimates produced here do not coincide with those in Ugalde et al.3. Resolving this is
a challenge as the OxCal code was not published and the model figures do not list laboratory codes.
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Supplementary Figure 72. Bayesian age model for QM32. Brackets beneath each age estimate show
68.3% and 95.4% CI. Outlier analysis output is noted as ‘O:posterior probability/prior probability’.
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Supplementary Figure 73. Bayesian age model for QM35. Brackets beneath each age estimate show
68.3% and 95.4% CI. Outlier analysis output is noted as ‘O:posterior probability/prior probability’.
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2.4.13. Quebrada Santa Julia (LV. 221)

Quebrada Santa Julia (LV. 221) is an open-air site located in Chile (-28.83, -71.43), containing lithic
technology (fluted projectile points) and a hearth in association with extinct fauna (Equus sp.)?%-210,
There are a number of strata at the site, with 37 containing the only archaeological material (see Figs.
2-3 in Jackson et al.208),

Bayesian modelling estimates the start of stratum 37 at 14400-12850 cal BP, with no outliers (see
Supplementary Figure 74 and OxCal code).
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Supplementary Figure 74. Bayesian age model for Quebrada Santa Julia. Brackets beneath each age
estimate show 68.3% and 95.4% CI. Outlier analysis output is noted as ‘O:posterior probability/prior
probability’.
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2.4.14. Quereo

Quereo is an open-air site located in Chile (-31.93; -71.51), containing lithic technology and extinct
faunal remains (Equus sp.)?*12%2, There are six geological units and four cultural levels (Quereo I-1V,
bottom to top) (see Fig. 3 in Nufiez et al.2'%). Cultural evidence in Quereo | is seen as tentative by the
excavators 21,
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Bayesian modelling estimates the start of Quereo Il at 13090-12760 cal BP, with no outliers (see
Supplementary Figure 75 and OxCal code). Following Quereo Il, cultural activity is evidenced at
Quereo |1, which is estimated to have started at 6040-2185 cal BP.
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Supplementary Figure 75. Bayesian age model for Quereo. Brackets beneath each age estimate
show 68.3% and 95.4% CI. Outlier analysis output is noted as ‘O:posterior probability/prior
probability’.

2.5. Colombia
2.5.1. El Abra

El Abra is a locality of rockshelter sites (I-1V) located in Colombia (5.020, -73.937), containing the
Abriense or ‘edge-trimmed tool’ tradition (unifacial and poorly elaborated®) and faunal remains®213-
219 There are three units containing cultural evidence (C-E). Unit C is the most basal and is further
subdivided into four subunits (C1-4). Excavation was carried out in 25 cm spits, corresponding to
levels 1-9 (see Fig. 5 in Correal et al.?'7). There is no precise correspondence between the deposition
units and artificial levels?*e. However, Muttillo et al.?!® correlate levels 6-9 with unit C, 3-4 with unit
D, and 1-2 with unit E, with El Abra Il and 11l containing the same sequence.

Bayesian modelling estimates the start of unit C at 14700-13030 cal BP, with no outliers (see
Supplementary Figure 76 and OxCal code). GrN-5556 (12400 = 160 BP) was not placed in unit C per
Muttillo et al.8, who found that this sample was from a sterile level with no lithic artefacts. Following
unit C, cultural activity is evidenced at Unit D, which is estimated to have started at 10845-10275 cal

BP.

105



EAd D ==
Date of D )
GrN-col.82 [0:4/5] %
GrN-5710 [O:4/5] ;
GrN-5561 [O:4/5] e
B-2133 [0:4/5] - —
B-2137 [0:4/5] -

DGrN—5746 [0:4/5] |

End C/Start D -

Date of C e ——
GrN-5557 [0:4/5] . ——-
GrN-5941 [0:4/5] =

05-2134 [O:4/5] L ——

end sterile/Start C ——

GrN-5556 [O0:5/p] e

Start sterile —_— —————

EI Abra Il & 11l
20000 15000 10000 5000
modelled date (cal BP)

Supplementary Figure 76. Bayesian age model for El Abra. Brackets beneath each age estimate
show 68.3% and 95.4% CI. Outlier analysis output is noted as ‘O:posterior probability/prior
probability’.
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2.5.2. La Palestina 2 (05YONO002-02)

La Palestina 2 is an open-air site located in Colombia (6.716, -74.383), containing lithic
technology’?%%, There are a number of geological horizons (AP, A, AB, Bt, C), with Bt showing the
earliest human evidence at 35-60 c¢cm (see Fig. 5.6. in Lopez!").

A single-phase Bayesian model estimates the start of cultural occupation at 18135-11975 cal BP (or

13935-12125 cal BP at 68.3% ClI; see Supplementary Figure 77 and OxCal code). Since there are no
dated preceding levels, the distribution likely overextends in time.
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Supplementary Figure 77. Bayesian age model for La Palestina 2. Brackets beneath each age
estimate show 68.3% and 95.4% CI. Outlier analysis output is noted as ‘O:posterior probability/prior
probability’.
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2.5.3. Nare (OO5PNAQQ5)

Nare is an open-air site located in Colombia (6.35, -74.1), containing lithic technology??°, There are
a number of geological horizons (A, AB, Bt, and C), with AB showing the earliest human evidence
at 30-45 cm, in 5 cm spits (numbered levels 1-16).

A single-phase Bayesian model estimates the start of cultural occupation at 20210-12055 cal BP (or
14615-12175 cal BP at 68.3% CI; see Supplementary Figure 78 and OxCal code). Since there are no
dated preceding levels, the distribution likely overextends in time.
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Supplementary Figure 78. Bayesian age model for Nare. Brackets beneath each age estimate show
68.3% and 95.4% CI. Outlier analysis output is noted as ‘O:posterior probability/prior probability’.
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2.5.4. San Juan de Bedout (05PBE014)
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San Juan de Bedout is an open-air site located in Colombia (6.5, -74.5), containing lithic
technology’??, There are two geological horizons, A and B, with the latter showing the earliest
evidence of human occupation and a single radiocarbon age of 12595-11832 cal BP (10350 + 90 BP;
at 40 cm).

2.5.5. Serrania La Lindosa

Serrania La Lindosa is a 20 km? rocky outcrop in Colombia (approximately 2.5, -72.9) where multiple
rockshelters (Cerro Azul, Cerro Montoya and Limoncillos) containing lithic technology and rock
pictographs are located. The only site with >1 dates, Cerro Azul (2.5298, -72.8664) has a stratigraphy
of seven strata (see Fig. 4 in Morcote-Rios et al.??!, with stratum Il containing the earliest human
evidence. Strata assignment for each radiocarbon date is unclear, with only the two earliest dates
(Beta-492721 and -489157; geological) noted as belonging to stratum II.

A single-phase Bayesian model using the only two ACR-YD-aged cultural dates for Cerro Azul
estimates the start of cultural occupation at 13965-11820 cal BP (see Supplementary Figure 79 and
OxCal code). Dates for Cerro Montoya and Limoncillos were entered into the modelling as single
ages.

CEnd 1 e — | —
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Beta-489156 i
‘ Beta'492723 e :ﬁ
&
Start 1 - —
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15000 14000 13000 12000 11000 10000
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Supplementary Figure 79. Bayesian age model for Cerro Azul. Brackets beneath each age estimate
show 68.3% and 95.4% CI. Outlier analysis output is noted as ‘O:posterior probability/prior
probability’.
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2.5.6. Tequendama

Tequendama is a locality of rockshelter sites (1-2) located in Colombia (4.533, -74.275; 2,570
m.a.s.l.), containing a lithic technology called ‘Tequendamiense’ and faunal remains’:?13,220,222-224,
There are nine stratigraphic levels (see Fig. 17 in Ch. 3 of Correal Urrego and van der Hammen®),
with stratum 5B showing the earliest cultural evidence. As argued in Aceituno and Rojas-Mora’,
differences between Tequendamiense and Abriense technologies include the ‘use of allochthonous
materials and the presence of scrapers, thinning flakes and a projectile point fragment in the former’.
Both are viewed to represent evidence of hunting and butchering activities.

Bayesian modelling estimates the start of stratum 5-7 at 13580-12525 cal BP, 11695-10975 cal BP

and 11090-7950 cal BP, respectively (see Supplementary Figure 80 and OxCal code). There are only
two outliers at 60% posterior probability (GrN-7478 and an age without lab code at 6080 BP) in
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stratum 7. Both are likely understimates caused by vertical mixing. Following stratum 7, cultural
activity is evidenced in stratum 8, which is estimated to have started at 8165-6545 cal BP.
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Supplementary Figure 80. Bayesian age model for Tequendama. Brackets beneath each age estimate
show 68.3% and 95.4% CI. Outlier analysis output is noted as ‘O:posterior probability/prior
probability’.
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25.7.Tibito 1 & 2

Tibito 1 & 2 are open-air sites found in the same locality (600 m from each other) within Colombia
(4.98, -73.98), containing Abriense lithic technology and extinct faunal remains [Notiomastodon
platensis, Equus (Amerhippus) lasallei, and Cuvieronius hyodon]?!3216.219.224.225 There are seven
strata, with stratum 3 containing the earliest human evidence. There is a single date at the site, 13805-
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13342 cal BP (GrN-9375; 11740 = 110 BP), which was obtained on faunal bone remains within
stratum 3-A.

2.6. Peru

2.6.1. Cuncaicha

Cuncaicha is a high-altitude (4,480 masl) rockshelter located in Peru (-15.373, -72.618)226-228,
Described as a lithic workshop, the site includes projectile point technology and faunal remains.
Cuncaicha contains five distinct strata, with stratum 5 corresponding to the terminal Pleistocene (see
Fig. S3 in Rademaker et al.??%). Nearby (7 km), archaeologists found a second site named Pucuncho
(open-air workshop at 4,355 masl). Here, two fluted fishtail projectile point bases made of local
materials (andesite and obsidian) were found. There are no direct dates for the second archaeological
site. In 2018, Rademaker and colleagues published data on a series of human burials found at the site,
dated to the Holocene?28-2%,

Using data from Rademaker et al.??® (excluding Holocene-aged human burials), Bayesian modelling
estimates the start of the terminal Pleistocene component at 12065-11775 cal BP, with outliers (see
Supplementary Figure 81 and OxCal code). The replicates Beta-297423 and AA-94254 fail a y? test
and, as such, are significantly different (3 = 9.492; df = 1; p = 3.8). This likely denotes pretreatment
issues, with the oldest, ultrafiltered collagen date (AA 94254) probably being more reliable. When
combined, however, the age is not outlier within the sequence. The 12065-11775 cal BP estimate is
comparable to that presented for the same period by Meinekat et al.??’, at 12275-11780 cal BP.
Following the terminal Pleistocene component, cultural activity is evidenced during the early
Holocene event, which is estimated to have started at 9645-9315 cal BP.
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Supplementary Figure 81. Bayesian age model for Cuncaicha. Brackets beneath each age estimate
show 68.3% and 95.4% CI. Outlier analysis output is noted as ‘O:posterior probability/prior
probability’.
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2.6.2. Guitarrero Cave

Guitarrero Cave is a high-elevation (2,580 m) cave site located in Peru (-9.20069, -77.7098),
containing lithic technology (bifacial) and fibre-based artefacts like cordage and textiles?3-2%7,
Lynch?®® defined two late Pleistocene/early Holocene cultural complexes at the site (I & 1), but
further analysis by Jolie et al.?3! deemed these to represent a single group.

A single-phase Bayesian model including direct ages on twined textiles and cordage from Complex
Il obtained by Joile et al. (2011) estimates the start at 12685-11755 cal BP (see Supplementary Figure
82 and OxCal code). AA-81780 was excluded as a clear outlier at 2210 38 BP—corroborating natural
and cultural disturbances noted by archaeologists?3!. An alternate multi-phase model was created
using previously published (pre Jolie et al.?') measurements, combining Complex | and Il ages into
asingle Phase (given conclusions by Jolie et al?®!). This estimates the start of Complexes | and |1 to
14865-11885 cal BP with five outliers, only one of these being within the phase in question [GX-
1859, ‘charcoal (pooled?)’; a likely overestimate; see Supplementary Figure 83 and OxCal code].
These further denote vertical mixing observed at the site. Start estimates for both models are
statistically comparable, however (Supplementary Figure 84). Following | and I, cultural activity is
evidenced in Complex 11, which is estimated to have started at 8980-2005 cal BP (bimodal, with the
highest distribution centred at around 2100 cal BP).
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Supplementary Figure 82. Bayesian age model for Guitarrero Cave (using direct ages on twined
textiles and cordage from Complex I1). Brackets beneath each age estimate show 68.3% and 95.4%
Cl.
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Supplementary Figure 83. Bayesian age model for Guitarrero Cave (using pre-Jolie et al.?3! data).
Brackets beneath each age estimate show 68.3% and 95.4% CI. Outlier analysis output is noted as
‘O:posterior probability/prior probability’.
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Supplementary Figure 84. Probability density function for the difference (‘D’) between the start of
cultural activity at Guitarrero Cave direct ages on twined textiles and cordage from Complex Il
(Supplementary Figure 82) vs pre-Jolie et al.?%! data (Supplementary Figure 83). These results suggest
that there is no significant difference between the modelled outputs, as the distributions include zero
at 95.4% CI (black bracket beneath).
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2.6.3. Huaca Prieta

Huaca Prieta is a large stone and earthen mound located in Peru (-7.9241, -79.3069), containing lithic
technology (unifacial), faunal and malachological remains at pre-mound components®8-243, Late
Pleistocene/early Holocene cultural evidence is within units 15/21, 9, 12, (Test Pit) 22, HP-3 and
2238239 (see Fig. 2 in Dillehay et al.?*°). Near Huaca Prieta, the sites of Paredones (600 m north; Unit
12) and Unit 16 (50 m north) also contain early cultural material®3°.

Following Dillehay et al?®, a Bayesian model was built using all measurements (n=16) from early
Holocene/late Pleistocene layers at the Huaca Prieta and associated sites. This estimates the start of
cultural activity in the area at 16695-15070 cal BP, with two outliers (AA-86930 and AA-84168)
within a later Holocene component (see Supplementary Figure 85 and OxCal code). The age range of
this component is estimated at 15757-9994 cal BP, overlapping the ACR-YD period. Following the
late Pleistocene/early Holocene, cultural activity is evidenced at a Holocene layer, which is estimated
to have started at 8860-7935 cal BP.
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Supplementary Figure 85. Bayesian age model for Huaca Prieta. Brackets beneath each age estimate

show 68.3% and 95.4% CI. Outlier analysis output is noted as ‘O:posterior probability/prior
probability’.
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2.6.5. Pampa de los Fosiles and Ascope

Pampa de los Fosiles and Ascope are open-air, surface sites located near each other in Peru
(approximately -7.60, -79.29), containing lithic technology of the Paijan tradition3#2¢. As such, a
single-phase Bayesian model containing eleven charcoal dates associated with this tradition was built.
This estimates the start of cultural activity at 13500-11695 cal BP (see Supplementary Figure 86 and
OxCal code).
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Supplementary Figure 86. Bayesian age model for Pampa de los Fosiles and Ascope. Brackets
beneath each age estimate show 68.3% and 95.4% CI. Outlier analysis output is noted as ‘O:posterior
probability/prior probability’.
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2.6.6. Quebrada Jaguay (QJ-280)

Quebrada Jaguay (QJ-280) is an open-air site located in Peru (-16.527, -72.856), containing lithic
technology, fiber-based artefacts, and faunal remains?#4-2%0, The site is divided into four sectors (I-
IV) and contains late Pleistocene (Jaguay Phase) and early Holocene (Machas Phase). Sector I, located
on a high terrace, contains four stratigraphic levels with 4c presenting the earliest evidence of human
occupation (see Fig. 3, Jones et al.?4),

Bayesian modelling using Sector | data estimates the start of level 4c at 14595-12355 cal BP, 3 at
12480-11275 cal BP, and 2 at 11195-10280 cal BP (see Supplementary Figure 87 and OxCal code).
There are no outliers. Following level 2, cultural activity is evidenced at level 1, which is estimated
to have started at 8780-8375 cal BP.
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Supplementary Figure 87. Bayesian age model for Quebrada Jaguay. Brackets beneath each age
estimate show 68.3% and 95.4% CI. Outlier analysis output is noted as ‘O:posterior probability/prior
probability’.
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2.6.7. Quebrada Tacahuay

Quebrada Tacahuay is an open-air site located in Peru (-17.13, -71.01), containing lithic technology
(unifacial) and faunal remains?*4251-253 There are nine stratigraphic units as defined by
sedimentological and cultural evidence, with 8B lower containing the earliest cultural occupation (see
Figs. 2, 6 and Table 1 in DeFrance and Alvarez?%3). Underlying units 8C-9 are culturally sterile, whilst
overlying unit 7, consisting of flooding debris from an ENSO event, sealed the early human signal?®2,

Bayesian modelling estimates the start of unit 8 at 12915-12515 cal BP and unit 5 at 12280-11300 cal
BP (see Supplementary Figure 88 and OxCal code). There are no outliers. Following unit 8, cultural
activity is evidenced at unit 4, which is estimated to have started at 11295-9715 cal BP (or 10815-
9955 at 68.3% CI).
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Supplementary Figure 88. Bayesian age model for Quebrada Tacahuay. Brackets beneath each age
estimate show 68.3% and 95.4% CI. Outlier analysis output is noted as ‘O:posterior probability/prior
probability’.
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2.6.8. The Ring Site

The Ring Site is an open-air shell ring on top of middens located in Peru (-17.13, -71.01), containing
lithic technology and faunal remains?>4. There are a number of units, including the originally
excavated (in 1983) Units A and B, which fall into three Groups of stratigraphic sequences (with
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groups 1 and 2 having correlated levels). Unit C, which is representative of Group 1 (also including
Units B, D, L, and M), consists of 15 levels. Level 16 in Unit B is the most basal level that has been
radiocarbon dated. All samples sent for measurement are the product of flotation.

Excluding the radiocarbon date in TP1 (PITT-0142)—given the tenuous correlation between this and
the other units—a single-sequence Bayesian model estimates the start of occupation at 19990-11275
cal BP (or 13565-11480 cal BP at 68.3% CI), with no outliers (see Supplementary Figure 89 and
OxCal code). A AR of 40+126 was applied to the marine gastropod age. This was calculated using
Merino-Campos et al.?% data for the north upwelling coastal region (18-30°S) of Chile (a nearby
latitude range), but updated using the Marine20 curve?® through calib.org?®” (with the collection date
set to the first year of the quoted range).
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Supplementary Figure 89. Bayesian age model for The Ring Site. Brackets beneath each age
estimate show 68.3% and 95.4% CI. Green distributions represent atmospheric measurements, with
those in grey marine ages. measurements.Outlier analysis output is noted as ‘O:posterior
probability/prior probability’.
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2.7. Uruguay

2.7.1. K87 (Arroyo del Tigre)

K87 (Arroyo del Tigre) is an open-air site located in Uruguay (coordinates approximated at -30.4, -
57.8), containing ceramics and lithic technology (including Fishtail and Tigre)42°5-257, No faunal
remains were recovered at the site. There are six stratigraphic units as defined by sedimentological
and cultural evidence (see Fig. 4 in Suarez et al.?*®). The earliest bifacial lithics are found at the
interface of SU1 and SU2, continuing through SU2 and to the base of SU3. Pottery and unifacial lithic
tools are found within SU4. A Fishtail point was found at the base of SU2 (associated to ages
UCIAMS-125379 and -125393), whilst Tigre points were discovered mid-SU2, in level 11B
(associated to ages UCIAMS-145431, -145435 and -125385).

Bayesian modelling of K87 estimates the start of SU1-SU2 interface at 14000-13175 cal BP, SU2
base (Fishtail) at 13175-12795 cal BP, and SU2 middle at 12565-11840 cal BP (Tigre), with no
overlap between Fishtail and Tigre components at 95% CI (see Supplementary Figure 90 and OxCal
code). There is one outlier, UCIAMS-125397 (soil organic matter), located within SU4. Given a
reported low carbon yield, it is possible that this age is discrepant due to modern carbon
contamination. Following SU2 middle, cultural activity is evidenced at SU2 upper, which is estimated
to have started at 10850-9445 cal BP.
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Supplementary Figure 90. Bayesian age model for K87. Brackets beneath each age estimate show
68.3% and 95.4% CI. Outlier analysis output is noted as ‘O:posterior probability/prior probability’.
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2.7.2. Pay Paso

Pay Paso is a locality with multiple open-air archaeological sites/components located in Uruguay (-
30.2685, -57.460639), containing lithic technology and extinct fauna (Equus sp. and Glyptodon sp. in
Pay Paso 1)202425%6.258259 There are three cultural components, as defined by stratigraphic, cultural
and chronometric evidence in Pay Paso 1 (see Fig. 2 in Suarez?*). Component 1 is located at the base
of the profile in stratigraphic unit U2a, at a depth of 5.7 m. The dating of this component is in line
ages reported for Fishtail points found elsewhere. Component 2 is found in stratigraphic unit U2c and
contains Tigre complex artefacts, whilst component 3 is in stratigraphic unit U2d and contains Pay
Paso complex bifacial points.

Bayesian modelling of Pay Paso 1 estimates the start of components 1-3 at 12890-12750 cal BP
(Fishtail), 11945-11740 cal BP (Tigre) and 11070-10710 cal BP (Pay Paso), respectively, with no
overlap between the three (and each complex) at 95% CI (see Supplementary Figure 91 and OxCal
code). There are no outliers.
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Supplementary Figure 91. Bayesian age model for Pay Paso 1. Brackets beneath each age estimate
show 68.3% and 95.4% CI. Outlier analysis output is noted as ‘O:posterior probability/prior
probability’.

127



i @%ﬁﬁ SRR 0

_Date("UCIAMS-21631", 10930, 20)
Outlier("General”, 0.05);
_Date("UCIAMS-27738", 10910, 30)
Outlier("General”, 0.05);
_Date("UCIAMS-27744", 10895, 30)
Outlier("General”, 0.05);
_Date("UCIAMS-27745", 10880, 25)
utller( "General", 0.05);

6‘”’6‘”‘0‘”‘6““‘7" %WWO‘W’O’W M

_Date("UCIAMS-21637", 10630, 25)
Dutlier("General”, 0.05);
_Date(" UCIAMS 21636", 10630, 25)
Dutlier(“General®, 0.05);
¢ Date("UCIAMS-27746", 10595, 30)
Dutlier(“General®, 0.05);
_Date(" UCIAMS 21644", 10580, 20)
utller( "General”, 0.05);

SRR B

_Date("UCIAMS-21645", 10550, 20)
Dutlier(“General”, 0.05);
_Date(" UCIAMS 27747", 10540, 35)
Dutlier("General”, 0.05);
_Date("UCIAMS-21643", 10520, 20)
Outlier("General”, 0.05);
*_Date(" UCIAMS 27740", 10500, 25)
utller( "General", 0.05);

dewwwﬁn%m

_Date("UCIAMS-28692", 10465, 30)
Qutlier("General”, 0.05);

_Date(" UCIAMS 28682", 10450, 25)
Outlier("General”, 0.05);
_Date("UCIAMS-27741", 10390, 30)
Qutlier("General”, 0.05);
_Date("RT-5257", 10320, 70)
Outlier("General”, 0.05);

_Date(" UCIAMS 21639", 10285, 25)
Outlier("General”, 0.05);
_Date("RT-5256", 10225, 70)
ulller( "General", O 05);

6‘”’6‘”’6"5“ S

_Date("UCIAMS-21632", 10205, 35)
Dutlier(“General®, 0.05);
_Date("UCIAMS-21634", 10180, 20)
Dutlier(“General®, 0.05);
_Date("UCIAMS-21633", 10115, 25)
utller("GeneraI" 0.05);

3 er(elyap%aucn Con[\aqpem 2");

%“o_:r

6‘”‘0‘”‘6‘”‘6‘”‘6‘”“6‘?‘6“5“

Date( "UCIAMS-21641", 9585, 25)
utlier("General”, 0.05);
? Date("UCIAMS-21642", 9555, 25)
utlier("General", 0.05);
¢ Date("UCIAMS-21647", 9550, 20)
utlier("General", 0.05);
Daie("UCIAMS -21635", 9545, 20)
utlier("General”, 0.05);
*_Date("UCIAMS-21646", 9545, 20)
utlier("General”, 0.05);
*_Date("UCIAMS-21640", 9525, 20)
utlier("General”, 0.05);
’_Date("UCIAMS-21638", 9525, 20)
utlier("General", 0.05);

iR R Bl Gam Nt 37

gs%?a[yée nd U2d/Start U2e");

_Date("Uru-248", 9280, 200)
utlier("General”, 0.05);
_Date("Beta-156973", 9120, 40)
utlier("General", 0.05);
_Date("Uru-246", 8570, 150)
utlier("General", 0.05);

Boundary("End Componenl 3(U2e)");

TR

S0

R ey

‘%—4

‘Ia[yéa%ggggompcnem 1(U2a base)");

cza[yé"gﬂg&}aga)baselstan U2a medial");

gg‘g{aw lm%yz? medial/Start U2a upper”);

l{a[yﬁhﬁyd Component 1 (U2a upper)/Start of U2b");

Qa[ﬂ Eiwd U2b/Start Component 2 (U2c)");

ARV Sammesnet R beRaH R LAY

I e R R
23 base)");
%@3‘% rE g)hé?r%r%%ﬁ sz{L;{ZZ upper)/Start of U2b");

DN

128



2.8. Venezuela

2.8.1. El Vano

El Vano is an open-air site located in Venezuela (9.62, -70.00), containing El Jobo technology in
association with Eremotherium rusconni and cf. Glyptotherium sp. remains?°-262, There are two
stratigraphic units (AAg and ARg) as defined by sedimentological and cultural evidence, with ARg
showing the earliest evidence of human activity (EI Jobo projectile points). Faunal bones were found
in AAg?t. There are three radiocarbon dates for El Vano: Beta-95601 (bone apatite; 7400 + 50 BP),
-95602 (bone protein, likely collagen; 10710 £+ 60 BP), -95603 (sediment; 8360 + 60 BP). Given that
sediment and bone apatite dating is problematic?63-267, Beta-95602 (12760-12615 cal BP) is likely the
most reliable measurement.

In 2022, the author attempted to radiocarbon date Eremotherium sp. and Glyptotherium sp. remains
for the site. Unfortunately, no measurements were produced due to poor collagen preservation.

2.8.2. Taima-Taima

Taima-Taima is an open-air site (water hole) located in Venezuela (11.43, -69.75), containing extinct
faunal remains (juvenile Notiomastodon platensis; some elements showing cut marks) in close
association with El Jobo technology (the midsection of an el Jobo point was found within the cavity
of the right pubis)32%8-275_ There are four stratigraphic levels at the site (see Fig. 3 in Bryan et al.*®).
The mastodon skeleton was found within the water saturated grey clayey sand of unit I, with additional
N. platensis, Glyptodon sp., Equus sp., Glossotherium sp., and Arctodus sp. bones located in the lower
section. Radiocarbon dates for the site include twigs hypothesised to be N. Platensis stomach/intestine
contents®3,

In 2022, the author attempted to radiocarbon date Notiomastodon sp., Glyptotherium sp. and
Eremotherium sp., and unidentified faunal remains for the site. Unfortunately, no measurements were
produced due to poor collagen preservation.

Bayesian modelling estimates the start of unit | at 18255-16750 cal BP (or 17670-16980 at 62.8%
Cl), with one outlier (bone carbonate age for sample IVIC-191-B, noted as no code 19; see
Supplementary Figure 92 and OxCal code). The age range for unit | is estimated at 17650-13060 cal
BP, overlapping the ACR-YD period. The bone carbonate age is likely an underestimate, which is in
line with bone carbonate uptaking younger carbon?’® and thus being unreliable. An age produced on
lignite (no laboratory code) was not included in the model, as a clear outlier (overestimate) at
36690+2050 BP.
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Supplementary Figure 92. Bayesian age model for Taima-Taima. Brackets beneath each age
estimate show 68.3% and 95.4% CI. Outlier analysis output is noted as ‘O:posterior probability/prior
probability’.

130



lot()
A er PPl AL (U090
?a[n‘ﬁ ﬁt?n unit 1");

%Date( no code 4",12660,120)

RS ing 25

_Date("no code 5",12620,120)
MR gE g o)
Dale( no code 6",13390,130)

USSR Aand )

_Date("no code 7",13130,130)
I'ﬁ;l Gﬁ”@y%‘ 8.05)
Date( no code 8",12730,120)

)

_Date("no code 12",13390,130)
MR SgRE g0
Date( no code 13",12770,120)

a Ie'ﬁra(l Gﬁpee)'/’aslahg"os)

!_Date("no code 14",12990,260)
R Ghey a2
Date( no code 15",13180,130)

MR gng and 95

TJ:?:( "no code 16",14010,140)
R GRe a2

uite

Date( no code 19",7590,100)

a Ie'rpira(i GBG%eacdrllnbnate

_Date("'no code 20",12580,150)
A SRS 5 S

Date( no code 21",11860,130)
Il(er(1 Genergl .05);

_Date("UCLA-2133",14200,300)
gﬁg' Gmfﬁal ,0.05);

 Date("USGS-247",13880,120)
&Il(er(1 ngeral 0.05);

_Date("Birm-802",13000,200)
"Fiafl Ggwféal ,0.05);

Date( "SI-3316",12980,85)
Iler(| ngeral 0.05);

_Date("no code 17",13010,280)
L?a‘! ngﬁrahoﬁ) gasr)oonaie carbon";

Date( no code 18",14440,435)

a !elﬁra(l Gggen'éalndnogal)nonale carbon";

n% (/a?(alﬁurahorgumtl
Eﬁ ARt m At

_Date("no code 1",9650,80)

HAHSERRRII Q)
Date("no code 2",9650,110)
lier 0.05);

Ea ena(l GEPaecrﬁlcla
%Date( no code 3" 10140 ,90)

MR SBRER I A
Date("'no code 9",9860,110)

ML SEReER

!_Date("no code 10",10030,90)

MUAHBRER I A5

Date( no code 11",10290,90)
gna Ielfira(i Ggpaecrﬁlclayos)
oundary("End unit 11I");

}}rnaﬁ:% ﬂﬁgm ge 22",36690,2050)

131



3. OxCal code (not already in previous sections; .prior files in Source data folder)

Figure 2

ate(Prior(“southern Andes",
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